The complete nucleotide sequence (3514 nucleotides) of RNA segment 2 office stripe virus (RSV), the prototype member of tenuivirus group, was determined. In the virus-sense RNA an open reading frame (ORF) is present which encodes a 199 amino acid protein of M r 22 762. Another long ORF encoding an 834 amino acid protein with M r 94047 (94K) exists in the viruscomplementary RNA. Between these two ORFs, there is a long non-coding intergenic region of 299 nueleotides.
The sequence suggests that RNA 2 has an ambisense coding strategy as found for RSV RNAs 3 and 4. The putative 94K protein carries stretches with an amino acid sequence showing weak similarity to parts of the membrane glycoproteins of Punta Toro and Uukuniemi phleboviruses of the family Bunyaviridae, suggesting a possible distinct evolutionary relationship between the animal phleboviruses and the plant tenuiviruses.
Rice stripe virus (RSV) is transmitted in cyclical fashion by the small brown planthopper, Laodelphax striatellus Fallrn, and three other delphacid species, and frequently causes severe damage to Japonica type rice varieties (Toriyama, 1983 (Toriyama, , 1986b . The genome of RSV is composed of four single-stranded virus-sense RNAs (vRNAs) and four dsRNAs, the latter being duplexes of the vRNAs and their complementary (c) RNAs (Toriyama, 1982; Toriyama & Watanabe, 1989) . The complete sequences have been determined for vRNAs 3 and 4 from two different RSV isolates (Zhu et al., 1991 (Zhu et al., , 1992 Kakutani et al., 1990 Kakutani et al., , 1991 . The results suggested that both RNA segments have an ambisense coding strategy. The open reading frame (ORF) in the 5'-proximal region of cRNA 3 encodes a nucleocapsid protein of 35K and the ORF in the Y-proximal region of vRNA 4 encodes the major non-structural protein (S protein) of 20K. The proteins encoded by the ORFs in the Y-proximal region of vRNA segment 3 and of segment 4 cRNA have not yet been detected. Similar ambisense coding structures were also found in RNAs 3 and 4 of maize stripe tenuivirus (Huiet et al., 1991 (Huiet et al., , 1992 .
The 5'-and 3'-terminal sequences of all four RSV RNA segments are complementary to each other and possibly form panhandle structures (Takahashi et al., The nucleotide sequence data reported in this paper have been submitted to the DDBJ and have been assigned the accession number D13176. 1990). RSV and rice grassy stunt tenuivirus contain the RNA-dependent RNA polymerase as an integral component of the virus particles (Toriyama, 1986a (Toriyama, , 1987 . A soluble protein fraction containing the nucleocapsid protein and a minor viral protein of 230K exhibits RNA polymerase activity in the presence of model RNA templates with the 3' conserved sequence (Barbier et al., 1992) . All these characteristics are indications of either the negative strand or ambisense nature of all the RNA segments of the RSV genome. This suggests that RNA segments 1 and 2 are either negative sense or ambisense. In order to determine the coding strategies of the two large RNAs of RSV, we are attempting to sequence the RSV genome (Zhu et al., 1991 (Zhu et al., , 1992 . We report here the complete nucleotide sequence of RNA 2 of RSV isolate T. Purification of RSV isolate T nucleoprotein particles and the preparation of RNA were carried out as described previously (Toriyama, 1986a; Toriyama & Watanabe, 1989) . Either ssRNA 2 purified from the agarose gel or a mixture of RNAs 2, 3 and 4 were used as templates for the cDNA synthesis. The cDNA cloning was carried out by the method of Gubler & Hoffman (1983) . Two types of synthetic oligonucleotides, 3' TTACGTAGAAGTTTCTTCAA 5' and 3' ACAAC-AAGTCATAGTATCCC 5', were used as primers. The former, complementary to the unique sequence located 18 to 37 residues from the 3' end of RNA 2 (Takahashi et al., 1991) , was used to obtain clones, R2To37 and R2SD5, containing cDNA for the 3' half of RNA 2. The latter, complementary to a sequence present in the middle ofRNA 2 (see Fig. 1 ) was used to obtain clones, R2Ta40 and R2Ta62, containing cDNA for the 5' half of RNA 2.
The dsDNAs were made blunt-ended using T4 DNA polymerase and inserted into the Sinai site of pUCI8 (Yanisch-Perron et al., 1985) . Recombinant plasmids were transformed into the competent Escherichia coli strain JM 109 (Nippon Gene Company; Hanahan, 1985) . Transformants containing long inserts were selected and examined for the presence of either the 3'-or 5~-terminal sequence of RNA 2.
The inserts of recombinant plasmid clones R2To37 and R2Ta40 were digested with restriction enzymes and the resulting fragments were subcloned into appropriately cleaved M13mpl8 or M13mpl9 phage vector DNAs. Alternatively, a nested set of deletions was prepared from the insert DNAs of clones R2Ta62 and R2SD5 using the Kiro sequence deletion kit (Takara Shuzo; Henikoff, 1984; Yanisch-Perron et al., 1985) .
The ssDNA prepared from subclones of phage M13 or the set of alkali-denatured deletion clones was sequenced by the dideoxynucleotide chain termination method (Sanger et al., 1977) , using the Sequenase version 2.0 kit (United States Biochemicals) and [~-35S]dCTP (Amersham).
The cDNA sequence near the junction between clones R2Ta40 and R2To37 was confirmed by direct RNA sequencing i.e. the dideoxynucleotide chain termination method of Zimmern & Kaesberg (1978) , using avian myeloblastosis virus (AMV) reverse transcriptase (Bethesda Research Laboratories). In this reaction, a synthetic oligonucleotide 3' TCAACAGAAGAAT-TTAAAGGAG 5', which is complementary to the vRNA sequence from positions 1385 to 1406 (Fig. 1) , was used as the primer.
The first 10 bases from the 3' ends of four ssRNAs are identical except for the sixth nucleotide position of vRNA 1 (Takahashi et al., 1990) . For the synthesis of cDNA of vRNA 2, the primer was designed so as to hybridize to an inner unique sequence adjacent to this 3' conserved sequence (primer A), in Fig. 1 . Complementary DNA of the same size as vRNA 2 was synthesized using this unique primer, but after several attempts at transformation, it proved difficult to obtain full-sized cDNA clones. Therefore we prepared two sets of partial clones, as illustrated in Fig. 1 . The 5' half clones, R2Ta40 and R2Ta62, were obtained by primer extension using primer B, the sequence of which was derived from the 3'-proximal sequence of clone R2To37. After analysis of the sequence of these four clones, we obtained the sequence of nucleotides 23 to 3492 of vRNA 2. The sequences of both termini were obtained from the data determined by direct sequencing of vRNA 2 (Takahashi et al., 1990) . The complete sequence was found to be composed of 3514 bases (Fig. 2) . To confirm the sequence around the junction between two sets of cDNAs, the RNA sequence from nucleotides 1152 to 1375 was determined directly. The result accorded perfectly with that of the cDNA sequence. The sequence was scanned for AUG-initiated ORFs (Fig. 3) . A distinct long ORF is present in the 5'-proximal region of the cRNA between nucleotides 980 and 3484, which encodes an 834, amino acid protein of M r 94 047 (94K) (Fig. 2, lower part) . On the other hand, the next longest ORF is present in the 5'-proximal region of vRNA between nucleotides 81 and 680, and encodes a 199 amino acid protein with Mr 22762 (22.7K) (Fig. 2,  upper part) . Between these two ORFs, there is a noncoding intergenic region consisting of 299 nucleotides. The presence of two long ORFs, 94K on cRNA and 22-7K on vRNA, suggests that RSV RNA 2 also has an ambisense coding arrangement, as found in RSV RNAs 3 and 4 (Zhu et al., 1991 (Zhu et al., , 1992 Kakutani et al., 1990 Kakutani et al., , 1991 . In addition, there are three ORFs longer than 280 bases in vRNA: two lie in the same frame as the 22"7K ORF and one lies in a different frame near the middle part of vRNA (Fig. 3, indicated Fig. 4 . Comparison of the deduced amino acid sequences of the RSV 94K protein, the Punta Toro virus (PT) M protein (Ihara et al., 1985) and the Uukuniemi virus (UK) G protein (R6nnholm & Petterson, 1987) . The FASTA program was used for protein similarity searches. Amino acids identical to those of the RSV 94K protein are indicated by the shaded areas. Gaps inserted in the sequences to maximize homology are indicated by dashed lines.
Comparison of amino acid sequence homology in the NBRF/PIR protein database failed to find any protein with significant similarity to the predicted 94K product. However, short stretches of weak but significant similarity were observed with the membrane glycoprotein precursors of Punta Toro virus, Uukuniemi virus and other viruses of the genus Phlebovirus in the family Bunyaviridae (Fig. 4) . RSV RNA 2 may correspond to M RNA of the genus Phlebovirus, which encodes a membrane glycoprotein. A weak similarity was also previously observed between RSV and Punta Toro phlebovirus nucleocapsid protein (Kakutani et al., 1990) . The 3'-terminal sequence 5'--GACUUUGUGU 3', common between four RSV RNA segments apart from a base change (U to A) at the sixth nucleotide of RNA 1, is completely identical to that of phleboviruses (Takahashi et al., 1990; Elliott, 1990), suggesting a distant evolutionary relationship between RSV and these viruses.
The genome organization of RSV RNA 2 is different from that of the M RNAs of phlebovirus and uukuvirus, the genomes of which are negative-sense (Elliott, 1990), and identical to the ambisense M RNA of impatiens necrotic spot tospovirus (Law et al., 1992) .
The filamentous particles, 3 to 8 nm wide, of the tenuivirus group (Francki et al., 1991) are apparently similar to the nucleocapsids of viruses of the Bunyaviridae (von Bonsdorff et al., 1969). However extensive examination in tissues infected with viruses of the tenuivirus group by using electron microscopy has failed to detect enveloped spherical particles.
